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SPECIFICATION 



1. Title of the Invention : 



Block Access Memory. 



2. What is Claimed is : 



1 . A block access memory comprising: 
memory cells arranged in a matrix; 
a read circuit that reads signals from said memory cells; 
an address buffer mat latches an address signal; 

a row decoder and column decoder that select arbitrary said memory cells using said address 

signal; 

a data input buffer that latches said signals and supplies data to said memory cells; 

a shift register that uses said read circuit to perform parallel reading of signals so as to 
continuously read data, or that reads an external signal to perform parallel reading of data into said memory 
cells; 

a data output buffer that amplifies and outputs the signals from said selected memory cells; and 
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an internal timing generator circuit that controls said memory cells, read circuit, row and column 
decoders, data input buffer, shift register, and data output buffer; wherein: 

said shift register performs data input or output every half-cycle based on an external clock. 

2. The block access memory according to claim 1, wherein said shift register is formed of 
two circuits in parallel that are connected so as to be driven offset by a half-cycle from each other. 

3. The block access memory according to claim I, wherein said I/O shift register, said data 
input buffer, and said data output buffer are each formed of two circuits in parallel and are connected so as 
to be driven offset by a half-cycle from each other. 

3. Detailed Description of the Invention : 

The present invention relates to block access memory. 

Conventionally, MOS RAM has been the main choice for main memory devices in computers, but the 
read/write cycle of MOS RAM is several times that of the computer's machine cycle. Therefore, in order 
to use the computer's machine cycle effectively, methods are employed to increase the data transfer rate by 
arranging MOS RAM in parallel for a required bit width. However, when high density MOS RAM is 
used, the word size becomes larger and the smallest unit of such a main memory device becomes much 
larger. For example, if 256-Kbit MOS RAM is arranged with a 256-bit width, the smallest unit of such a 
main memory device is 8 Mbytes. Two methods may be considered for avoiding this. One method is to 
increase the MOS RAM bit width (a multi-bit structure) to increase the data transfer rate. This method 
increases the number of pins and the packaging size, which makes it impossible to increase the integration 
on a board. The other method is to make the circuit operate at a higher speed in order to increase the data 
transfer rate, and so the demand is increasing to have higher speeds even for MOS RAM. 

Conventionally, page mode has been presented as a method for increasing the data transfer rate, but the 
data transfer rate is not that high. The provision of a shift register in the I/O portion has been presented as 
another method for achieving a high data transfer rate. 

Figure 1 is a block diagram of an example of MOS RAM including a shift register in a conventional 
I/O portion. 

This example contains memory cells [10] arranged in a matrix, a read circuit [20] that reads cell signals, 
an address buffer [30] that latches an address signal that indicates a memory location and generates main 
and supplementary address signals, a row decoder [40] and column decoder [41] that select an arbitrary 
memory cell based on the address signals, a data input buffer [50] that latches memory data and generates 
main and supplementary data signals, a data output buffer [60] that amplifies and outputs cell signals, a 
shift register [70] that transfers signals at high speed, and an internal timing generator circuit (not shown) 
that drives these various circuits. 
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Figure 2 is a waveform diagram of the signals for the various portions when the MOS RAM of Figure 
1 is operating. 

On the first clock [CE] the address signal is latched in the address buffer [30]. Based on this address 
signal, one word line is selected by the row decoder [40], and the signals of the memory cells connected to 
the word line are read by the read circuit [20]. At the same time, based on the address signal, multiple bit 
lines are selected by the column decoder [41] (in the following discussion the case of 4 bits will be used), 
and their memory cell signals are simultaneously transferred to the shift register [70]. 

Next, based on I/O shift register drive clocks and that arc synchronized by an external clock <fr, 
the memory cell signals from the shift register [70] are amplified by the data output buffer [60] and four 
bits are consecutively output. In this conventional example, one bit is output for each cycle of the clock <J>, 
so the operating speed is limited by the cycle speed. At the present time one cycle takes about 100 ns, so 
the problem is that it is difficult to attain higher speeds man this. 

In order to overcome this problem, the present invention presents block access memory that transfers 
data with a speed that is twice the conventional speed, by performing I/O of data on every half-cycle of the 
external clock that drives the I/O shift register. 

The block access memory of the present invention comprises: memory cells arranged in a matrix; a 
read circuit that reads signals from the memory cells; an address buffer mat latches an address 

signal; a row decoder and column decoder mat select arbitrary memory cells using this address signal; a 
data input buffer that latches these signals and supplies data to the memory cells; an I/O shift register that 
ases the read circuit to perform parallel reading of signals so as to continuously read data, or that reads an 
external signal to perform parallel reading of data into the memory cells; a data output buffer that amplifies 
and outputs the signals from the selected memory cells; and an internal timing generator circuit that 
controls the mem or}' cells, read circuit, row and column decoders, data input buffer, I/O shift register, and 
data output buffer; wherein: the I/O shift register performs data input or output every half-cycle based on an 
external clock. 

The block access memory of the present invention may also form the I/O shift register of two circuits 
in parallel that are connected so as to be driven offset by a half-cycle from each other. 

The block access memory of the present invention forms [corrected to: may also font}] each of the I/O 
shift register, data input buffer, and data output buffer of two circuits in parallel, which are connected so as 
to be driven offset by a half-cycle from each other. 

We use figures to describe embodiments of the present invention. 

Figure 3 is a block diagram of a first embodiment of the present invention. 

This embodiment uses one circuit for the shift register and uses the shift register for switching, so that 
data mat comes out to the I/O buses is sent to the data output butler, while data that comes in to the data 
input buffer is sent to the memory circuit through the I/O buses. The I/O buses I/Oi through I/0 4 of the 
memory circuit are connected to the data input buffer [50] and data output buffer [60] through control 
transistors Ti through T 4 . The gates of the control transistors Ti through T 4 are connected to the outputs 
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(fei through of the corresponding stages of the shift register [70]. Each of the four squares drawn with 
solid lines within the shift register [70] represents one bit. 

Figure 4 is a waveform diagram of the signals for the various portions when the first embodiment of 
Figure 3 is operating. 

ITie rise and fall of the externa! clock <)> arc detected, and clocks fa and fa are generated. Clocks $\ 
and fa drive shift pulses of the shift register. Also, clock fa controls the outputs fai through fa 4 of the 
shift register, while activating the data input bufTer or data output buffer. The shift register is reset by a 
reset pulse <j> R . This is the same as the conventional example up to the sending of the memory cell signal 
to the I/O buses by the column decoder [41]. After that, clocks fa and fa arc generated on the rise of clock 
fa the output fa x of the first stage of die shift register is set to high, and the I/Oi signal passes through 
control transistor Tj to the data output buffer, where it is amplified and output. Next, clocks fa and fa are 
generated on the fall of clock fa the output <t> 32 of the second stage of the shift register is set to high, and the 
I/0 2 signal passes through control transistor T 2 to the data output bufTer, where it is output. Similarly after 
this, fa 3 and fa 4 are set to high level on the rise and fall of clock fa and the I/0 3 and V0 4 signals are 
sequentially output. In this way, since one bit is output on each half-cycle, the operating speed is twice 
that of the conventional speed. 

Figure 5 is a block diagram of a second embodiment of the present invention. 

This embodiment uses one circuit for the shift register, and the data that is to be input or output to the 
I/O buses is read or written after being temporarily stored in the shift register The I/O buses I/Oi through 
I/0 4 of the memory circuit are connected to the corresponding stages of the shift register [70] through 
control transistors Ti through T 4 , the input of the shift register is connected to the data input buffer [50], 
and the output is connected to the data output bufTer [60]. 

Figure 6 is a waveform diagram of the signals for the various portions when the second embodiment of 
Figure 5 is operating. 

As in the embodiment of Figure 3, the rise and fall of an external clock $ are detected, and clocks fa 
and <|>2 are generated. Clocks fa and fa cause the data in the shift register to shift. And, clock fa 
activates the data input bufTer or data output bufTer. This is the same as the conventional example up to 
the sending of the memory cell signal to the I/O buses by the column decoder [41]. After that, based on 
clock <t> DL , signals I/O] through I/0 4 are sent all at once via the control transistors T, through T 4 to the 
corresponding stages of the shift register. Then, clocks fa and fa are generated on the rise of clock <|> and 
the I/O] signal is sent to the data output buffer, where it is amplified and output. Next, clocks <j>i and fa 
are generated on the fall of clock 4> and the I/0 2 signal is sent to the data output buffer, where it is output. 
Similarly after this, the I/0 3 and I/0 4 signals are output on the rise and fall of clock fa In this way, since 
one bit can be output on each half-cycle, the operating speed can be doubled. 

Figure 7 is a block diagram of a third embodiment of the present invention. 
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This embodiment uses two circuits in parallel for the shift register, connected so as to be driven offset 
by a half-cycle from each other. The I/O buses I/O, and l/0 3 of the memory circuit are connected to the 
data input buffer [50] and data output buffer [60] through the control transistors \\ and T 3 , while the I/O 
buses I/0 2 and I/0 4 are connected to the data input buffer [50] and data output buffer [60] through the 
control transistors T 2 and T 4 . The gates of the control transistors T, and T 3 are connected to the 
corresponding outputs <J> 3 i and fo of the first shift register [70], while the gates of the control transistors T 2 
and T 4 are connected to the corresponding outputs fo and fo of the second shift register [71]. 

Figure 8 is a waveform diagram of the signals for the various portions when the third embodiment of 
Figure 7 is operating. 

Clock (fo is generated synchronously with the external clock <|>. Clock is a waveform that is a half- 
cycle later than <j>j. The first and second shift registers [70] and [71] operate on shift pulses according to 
clocks <j>i and fo but me second shift register [71] operates a half-cycle later than the first shift register [70]. 
At the same time, the data input buffer [50] or data output buffer [60] is activated by clock <(>. The first 
and second shift registers [70] and [71] are reset by the reset pulse fo This is the same as the 
conventional example up to the sending of the memory cell signal to the I/O buses by the column decoder 
[41]. Then, clock <j>i is generated on the rise of clock 4>, the output (|> 31 of the first stage of the first shift 
register [70] is set to high, and the I/Oi signal passes through control transistor T| to the data output buffer 
[60], where it is amplified and output. Next, clock <j> 2 is generated on the fall of clock <t>, the output fo of 
the first stage of the second shift register [71] is set to high, and the I/0 2 signal passes through control 
transistor T 2 to the data output buffer [60], where it is output. Similarly after this, output fo of the first 
register and output fo of the second shift register are set to high level on the rise and fall of clock (|>, and 
the corresponding I/0 3 and I/0 4 signals are output from the data output buffer [60]. In this way, since one 
bit can be output on each half-cycle, the operating speed can be doubled. 

Figure 9 is a block diagram of a fourth embodiment of the present invention. 

This embodiment uses two circuits for each of the shift register, data input buffer, and data output 
buffer. The I/O buses I/Oj and I/0 3 of the memory circuit are connected to the corresponding stages of 
the first shift register [70] through the control transistors T, and T 3 , while the I/O buses I/0 2 and I/0 4 are 
connected to the corresponding stages of the second shift register [71] through the control transistors T 2 and 
T 4 . The input of the first shift register [70] is connected to the first data input buffer [50], while its output 
is connected to the first data output buffer [60], and the input of the second shift register [71] is connected 
to the second data input buffer [51], while its output is connected to the second data output buffer [61]. 

Figure 10 is a waveform diagram of the signals for the various portions when the fourth embodiment 
of Figure 9 is operating. 

As in the third embodiment, clock <t>i is generated synchronously with the external clock <|>. Clock (fe 
is a waveform that is a half-cycle later than fo The first and second shift registers [70] and [71] shift data 
according to clocks (j>, and fo but the second shift register [71] operates a half-cycle later than the first shift 
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register [70]. At the same time, the first data input buffer [50] or first data output buffer [60] is activated 
by clock <)>,, while the second data input buffer [51] or second data output buffer [61] is activated by clock 
fc. This is the same as the conventional example up to the sending of the memory cell signal to the I/O 
buses by the column decoder [41]. After that, based on clock fo L , the 1/Oj and l/0 3 signals are sent to the 
corresponding stages of the first shift register [70] through control transistors T, and T 3 , while the I/0 2 and 
I/0 4 signals are sent to the corresponding stages of the second shift register [71] through control transistors 
T 2 and T 4 . Next, clock <t>, is generated on the rise of clock <j> and the VO } signal is sent from the first shift 
register [70] to the first data output buffer [60], where it is amplified and output. Next, clock <fe is 
generated on the fall of clock $ and the I/0 2 signal is sent from the second shift register [71] to the second 
data output buffer [61], where it is output. Similarly after this, the I/0 3 and I/0 4 signals are output on the 
rise and fall of clock <£ from the first data output buffer [60] and second data output buffer [61], 
respectively. 

As explained above, the present invention can increase the data transfer rate by producing output on 
each half-clock of an external clock <(>. 

The data input buffer and data output buffer of the block access memory of the present invention may 
also be formed of dynamic circuits, but it is possible to achieve higher speeds if they are formed of static 
circuits. Also, the operation of the above embodiments was explained by using a clock to drive the shift 
register, but for a MOS RAM that uses general address multiplexing it is possible to use a cas clock 
instead of a clock 4>. 

As explained above, the present invention is a block access memory that can operate at twice the 
conventional speed in order to improve the data transfer rate, so its effect is large. 

4. Brief Explanation of the Drawings 

Figure 1 is a block diagram of an example of MOS RAM comprising a shift register in a conventional 
I/O portion, Figure 2 is a waveform diagram of the signals for the various portions when the MOS RAM of 
Figure 1 is operating, Figure 3 is a block diagram of a first embodiment of the present invention, Figure 4 is 
a waveform diagram of the signals for the various portions when the first embodiment of Figure 3 is 
operating, Figure 5 is a block diagram of a second embodiment of the present invention, Figure 6 is a 
waveform diagram of the signals for the various portions when the second embodiment of Figure 5 is 
operating, Figure 7 is a block diagram of a third embodiment of the present invention, Figure 8 is a 
waveform diagram of the signals for the various portions when the third embodiment of Figure 7 is 
operating, Figure 9 is a block diagram of a fourth embodiment of the present invention, and Figure 10 is a 
waveform diagram of the signals for the various portions when the fourth embodiment of Figure 9 is 
operating. 
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10: memory cells; 20: read circuit; 30: address buffer; 40: column decoder; 50, 51: data input buffers; 
60, 61 : data output buffers; 70, 71: shift registers; '\\ through T 4 : control transistors. 



Representative: Patent Attorney Susumu Uchihara [seal] 
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AMENDMENT (VOLUNTARY') 



July 28, 1982 

Japanese Patent Office Director, Mr. 
1 . Case Identification: F 



Patent Application Number (S)56-88987 [1981] 
Block Access Memory 



2. 



Title of the Invention: 



3. 



Person Filing Amendment: 
Relationship to Case: 



Applicant 

(423) NEC Corp., 5-33-1 Shiba, Minato-ku, Tokyo, Japan 
Representative: Tadahiro Sekimoto 



4. 



Representative: 



(6591) Patent Attorney Susumu Uchihara [seal] 
c/o NEC Corp., Sumitomo Mita Building 
5-33-8 Shiba, Minato-ku, Tokyo, Japan 108 
Tel.: Tokyo (03) 456-3 1 1 1 (main representative) 
(contact: NED Corp., Patent Department) 



5. Parts Amended: 

(1) Specification; What is Claimed is 

(2) Specification; Detailed Description of the Invention 

(3) Figures 

6. Content of the Amendment: 

6.1 What is Claimed is 
See the next page. 

6.2 Detailed Description of the Invention 

(1) Page 2, Line 9 [This should say "Page 3 Line 9", to refer to the middle of the first paragraph 
of the detailed description - translator.] 

[Fixed a grammatical error in the phrase "the smallest unit ... becomes much larger" - the 
meaning was unchanged - translator.] 

(2) Page 7, Line 19 [This refers to the first of the two occurrences of this phrase in the 
paragraph describing Figure 3 - translator.] 

Change "memory circuit" to "memory cells". 

(3) Page 1 1, Lines 7-1 1 [This refers to the paragraph describing Figure 7 ~ translator.] 

Change "connected to the data input buffer [50] and data output buffer [60] through while 
the I/O buses I/0 2 and I/0 4 of the memory circuit are connected to the data input buffer [50] 
and data output buffer [60]" to "connected to the first data input buffer [50] and first data 
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output buffer [60] through while the I/O buses I/0 2 and I/0 4 of the memory circuit are 
connected to the second data input buffer [51] and second data output buffer [61]". 

(4) Page 1 2, Lines 5-6 [This refers to the paragraph describing Figure 8 - translator ] 
Change "At the same time, the data input buffer [50] or data output buffer [60] is activated by 
clock <[>." to "At the same time, the first data input buffer [50] or first data output buffer [60] is 
activated by clock <h, while the second data input buffer [51] or second data output buffer 
[61] is activated by clock 4*.". 

(5) Page 12, Line 13 [Same paragraph - translator.] 

Change "through ... Ti to the da..." to "through ... Ti to the first da...". 

(6) Page 12, Lines 18-19 [Same paragraph ~ translator.] 

Change "through ... to the data output buffer [60], where it is output." to "through ... to the 
second data output buffer [61], where it is output.". 

(7) Page 13, Line 3 [Same paragraph - translator.] 

Change "output from the data output buffer [60]." to "output from the first data output buffer 
[60] and the second output data buffer [61].". 
6.3 Figures 

Correct Figure 7 as shown on the next page. 

2- What is Claimed is : 

1 . A block access memory comprising: 
memory cells arranged in a matrix; 

a read circuit that reads signals from said memory cells; 
an address buffer that latches an address signal; 

a row decoder and column decoder that select arbitrary said memory cells using said address 

signal; 

a data input buffer that latches said signals and supplies data to said memory cells; 

a shift register that uses said read circuit to perform parallel reading of signals so as to 
continuously read data, or that reads an external signal to perform parallel writing of data into said memory 
cells; 

a data output buffer that amplifies and outputs the signals from said selected memory cells; and 
an internal timing generator circuit that controls said memory cells, read circuit, row and column 
decoders, data input buffer, shift register, and data output buffer; wherein: 

said shift register performs data input or output every half-cycle based on an external clock. 

2. The block access memory according to claim 1 , wherein said shift register is formed of 
two circuits in parallel that are connected so as to be driven offset by a half-cycle from each other. 
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3. The block access memory according to claim 1, wherein said I/O shift register, said data 
input buffer, and said data output buffer arc each formed of two circuits in parallel and are connected so as 
to be driven offset by a half-cycle from each other. 



[The underlined word is the only change. ~ translator.] 
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